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(57) ABSTRACT 

A method for easily and quickly evaluating the Wavelength 
variability properties of a Wavelength-variable semiconduc 
tor laser is provided. An inspection device includes a poWer 
source for supplying current to a Wavelength-variable DBR 
semiconductor laser having an active region, a phase control 
region, and a DBR region, a photo-detector for detecting an 
output intensity of laser beam emitted from the Wavelength 
variable DBR semiconductor laser, and a transmission type 
Wavelength-selection element that can be inserted into a 
light path from the Wavelength-variable DBR semiconduc 
tor laser to the photo-detector. In a state Where the trans 
mission type Wavelength-selection element is inserted into 
the light path from the Wavelength-variable DBR semicon 
ductor laser to the photo-detector, at least one of a phase 
current that is supplied to the phase control region and a 
DBR current that is supplied to the DBR region is changed 
With respect to a predetermined active current that is sup 
plied to the active region, and the output intensity of the laser 
beam after the laser beam has passed through the transmis 
sion type Wavelength-selection element is detected by the 
photo-detector. 
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DEVICE AND METHOD FOR INSPECTING 
WAVELENGTH-VARIABLE SEMICONDUCTOR 
LASER, AND METHOD FOR INSPECTING 

COHERENT SOURCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to devices and meth 
ods for inspecting Wavelength-variable semiconductor lasers 
that have a Wavelength varying function and that are 
employed for optical communications and second harmonic 
generation, for example, and methods for inspecting coher 
ent light sources. 

[0003] 2. Description of the Related Art 

[0004] In recent years, semiconductor lasers having a 
Wavelength varying function have found application in the 
?eld of optical communications, for example, and have 
garnered attention as the fundamental Wave for second 
harmonic generation using nonlinear effects. Distributed 
feedback (DFB) semiconductor lasers and distributed Bragg 
re?ector (DBR) semiconductor lasers, in Which a grating has 
been integrated onto the semiconductor laser, are semicon 
ductor lasers Where the laser can oscillate in a single 
longitudinal mode. At present, DBR semiconductor lasers 
and DFB semiconductor lasers are components that are 
essential for achieving long-distance, high capacity optical 
communications systems. 

[0005] As a Wavelength variation technique, a method has 
been proposed in Which the oscillation Wavelength is tuned 
by supplying current to the DBR portion of a DBR semi 
conductor laser to change the refractive index through 
plasma effects and changes in temperature. 

[0006] Hereinafter, a DBR semiconductor laser having a 
Wavelength varying function is described (Yokoyama, et al, 
Transaction of Institute of Electrical Engineers of Japan C, 
Vol. 120-C, p. 938, 2000). FIG. 14 schematically shoWs the 
con?guration of an AlGaAs Wavelength-variable DBR semi 
conductor laser With a three-electrode structure. 

[0007] As shoWn in FIG. 14, a Wavelength-variable DBR 
semiconductor laser 34 has three regions: an active region 
35; a phase control region 36; and a DBR region 37. A 
method of fabricating the Wavelength-variable DBR semi 
conductor laser 34 thus con?gured is described brie?y 
beloW. First, n-type AlGaAs is groWn epitaxially on an 
n-type GaAs substrate using a MOCVD device, after Which 
the active region of the AlGaAs is formed. Ap-type AlGaAs 
is deposited as a cladding layer, and a rib optical Waveguide 
is formed using photolithography. Next, electron beam 
lithography is used to form a ?rst-order grating (100 nm 
period) on the optical Waveguide. Silicon ions are implanted 
into the DBR region, Where the grating has been formed, and 
into the phase control change region so as to form a passive 
optical Waveguide. Next, a second crystal groWth is per 
formed to deposit p-type AlGaAs as a cladding layer, and 
then lastly, electrodes for supplying current are formed on 
the n- and p-sides. 

[0008] The three-electrode AlGaAs Wavelength-variable 
DBR semiconductor laser has a threshold value of 25 mA, 
and obtains a 50 mW output With respect to a supply current 
(operating current) of 150 mA to the active region. FIG. 15 
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shoWs the Wavelength variability properties When current is 
supplied to the DBR region. The current supplied to the 
DBR region (DBR current) Was changed to thermally 
change the refractive index of the DBR region and thereby 
achieve Wavelength variability. The emitted semiconductor 
laser beam Was guided into a light spectrum analyZer and the 
oscillation Wavelength Was measured. A stepWise Wave 
length variation Width of 2 nm like that shoWn in FIG. 15 
Was obtained With respect to the operation current of 100 mA 
and a phase current of 0 mA. The oscillation Wavelength Was 
maintained in single longitudinal mode even during tuning. 

[0009] Next, the phase current Was set to 20 mA and the 
Wavelength variability properties When the DBR current is 
similarly changed Were measured. Furthermore, the phase 
current also Was set to 40 mA, and the Wavelength variabil 
ity properties When the DBR current is similarly changed 
Were measured. Based on the results that Were obtained, the 
results of the DBR current values experiencing mode hop 
ping (the current values at the points Aserving as steps) Were 
plotted in FIG. 16. According to this map, the DBR current 
(Idbr) and the phase current (Iph) can be controlled and held 
at a current ratio relationship of Idbr/Iph=0.5, so that it is 
possible to achieve continuous Wavelength variability prop 
erties like those shoWn in FIG. 17. 

[0010] As described above, the Wavelength variability 
properties are important for Wavelength-variable DBR and 
DFB semiconductor lasers. The factors that are essential for 
the Wavelength-variability properties are: i) single longitu 
dinal mode properties; ii) Wavelength variability replicabil 
ity; and iii) the current ratio Idbr/Iph required for continuous 
Wavelength variability. Single longitudinal mode properties 
are the most critical aspect for optical communication appli 
cations and second harmonic generation, and in second 
harmonic generation; for example, a large drop in conver 
sion ef?ciency occurs if the longitudinal mode becomes 
multimode. Wavelength variability replicability is essential 
for controlling the Wavelength, and as shoWn in FIG. 15, it 
has the property of monotonically increasing. In addition, 
excellent replicability of the Wavelength variability proper 
ties is essential. The current ratio Idbr/Iph required for 
continuous Wavelength variability must be measured for 
each semiconductor laser, as there is individual variation 
betWeen semiconductor lasers. 

[0011] Alight spectrum analyZer or the like Was employed 
conventionally to make measurements When these proper 
ties Were evaluated, and this required a considerable amount 
of effort. Accordingly, the simpli?cation of the inspection 
process Was an important issue from the standpoint of 
mass-producing, for example, Wavelength-variable DBR 
semiconductor lasers. 

SUMMARY OF THE INVENTION 

[0012] Therefore, the present invention Was intended in 
order to solve the foregoing problems of the prior art, and it 
is an object thereof to provide a device for inspecting a 
Wavelength-variable semiconductor laser having a simple 
structure that is both fast and accurate, a convenient method 
of inspecting a Wavelength-variable semiconductor laser, 
and a method of inspecting a coherent light source. 

[0013] To achieve the foregoing object, a ?rst con?gura 
tion of a device for inspecting a Wavelength-variable semi 
conductor laser according to the present invention is char 
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acteriZed as a device for inspecting a Wavelength-variable 
semiconductor laser having at least an active region, a phase 
control region, and a distributed Bragg re?ector (DBR) 
region, and is provided With a poWer source for supplying 
current to the active region, the phase control region, and the 
DBR region, a photo-detector for detecting an output inten 
sity of laser beam emitted from the Wavelength-variable 
semiconductor laser, and a transrnission-type Wavelength 
selection element that can be inserted into a light path from 
the Wavelength-variable semiconductor laser to the photo 
detector. 

[0014] In the ?rst con?guration of a device for inspecting 
a Wavelength-variable semiconductor laser according to the 
present invention, it is preferable that With the transmission 
type Wavelength-selection elernent inserted into the light 
path from the Wavelength-variable semiconductor laser to 
the photo-detector, at least one of a phase current that is 
supplied to the phase control region and a DBR current that 
is supplied to the DBR region is changed With respect to a 
predetermined active current that is supplied to the active 
region, and the output intensity of the laser beam after the 
laser beam has passed through the transrnission-type Wave 
length-selection element is detected by the photo-detector. 

[0015] A?rst method for inspecting a Wavelength-variable 
semiconductor laser according to the present invention is 
characteriZed as a method for inspecting a Wavelength 
variable semiconductor laser using the inspection device 
according to the ?rst con?guration of the present invention, 
Wherein in a state Where the transrnission-type Wavelength 
selection element is not inserted into the light path from the 
Wavelength-variable semiconductor laser to the photo-de 
tector, the active current that is supplied to the active region 
is changed, the output intensity of laser beam emitted from 
the Wavelength-variable semiconductor laser is detected by 
the photo-detector, and the relationship betWeen the active 
current and the output intensity is determined. 

[0016] A second method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion is characteriZed as a method for inspecting a Wave 
length-variable semiconductor laser using the inspection 
device according to the ?rst con?guration of the present 
invention, Wherein in a state Where a constant active current 
is supplied to the active region and the transrnission-type 
Wavelength-selection element is inserted into the light path 
from the Wavelength-variable semiconductor laser to the 
photo-detector, the DBR current that is supplied to the DBR 
region is changed, the output intensity of the laser beam after 
the laser beam has passed through the transmission type 
Wavelength-selection element is detected by the photo 
detector, and the DBR current corresponding to a desirable 
Wavelength of the Wavelength-variable semiconductor laser 
is determined. 

[0017] In the second method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that the desirable Wavelength of the 
Wavelength-variable semiconductor laser is a Wavelength 
Where the output intensity of the laser beam is largest after 
the laser beam has passed through the transrnission-type 
Wavelength-selection elernent. 

[0018] A third method for inspecting a Wavelength-vari 
able semiconductor laser according to the present invention 
is characteriZed as a method for inspecting a Wavelength 
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variable semiconductor laser using the inspection device 
according to the ?rst con?guration of the present invention, 
Wherein in a state Where a constant active current is supplied 
to the active region and the transrnission-type Wavelength 
selection element is inserted into the light path from the 
Wavelength-variable semiconductor laser to the photo-de 
tector, the phase current that is supplied to the phase control 
region and the DBR current that is supplied to the DBR 
region are each changed independently, the output intensity 
of the laser beam after the laser beam has passed through the 
transrnission-type Wavelength-selection element is detected 
by the photo-detector, and the phase current and the DBR 
current corresponding to points of change in the output 
intensity are determined. 

[0019] In the third method of inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that a current ratio of the DBR current 
to the phase current is calculated from the DBR current and 
the phase current corresponding to the points of change in 
the output intensity. Also, in this case, it is preferable that the 
current ratio of the DBR current to the phase current is 
calculated and the DBR current and the phase current are 
kept at this current ratio, so as to change an oscillation 
Wavelength of the Wavelength-variable semiconductor laser 
continuously. 

[0020] In the third method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that a current ratio AIdbr/AIph of the 
DBR current to the phase current is calculated from a DBR 
current difference AIdbr corresponding to the points of 
change in the output intensity that are obtained When the 
DBR current is changed, and a phase current difference AIph 
corresponding to the points of change in the output intensity 
that are obtained When the phase current is changed. Also, in 
this case, it is preferable that the current ratio of the DBR 
current to the phase current is calculated and the DBR 
current and the phase current are kept at this current ratio, so 
as to change an oscillation Wavelength of the Wavelength 
variable semiconductor laser continuously. 

[0021] A fourth method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion is characteriZed as a method for inspecting a Wave 
length-variable semiconductor laser having at least an active 
region, a phase control region, and a distributed Bragg 
re?ector (DBR) region, the method including supplying a 
predetermined active current to the active region and detect 
ing an obtained output intensity of a laser beam by a 
photo-detector, ?nding a DBR current difference AIdbr 
corresponding to the points of change in the output intensity 
of the laser beam that are obtained When a DBR current 
supplied to the DBR region is changed, and a phase current 
difference AIph corresponding to the points of change in the 
output intensity that are obtained When a phase current 
supplied to the phase control region is changed, and calcu 
lating a current ratio AIdbr/AIph of the DBR current differ 
ence AIdbr to the phase current difference AIph. 

[0022] In the fourth method of inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that the points of change in the output 
intensity that are obtained When the phase current is changed 
and the points of change in the output intensity that are 
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obtained When the DBR current is changed are the points of 
change Where a reduction in output intensity changes to an 
increase in output intensity. 

[0023] In the fourth method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that by keeping the DBR current and the 
phase current at the current ratio AIdbr/AIph, an oscillation 
Wavelength of the Wavelength-variable semiconductor laser 
is changed continuously. 

[0024] Asecond con?guration of a device for inspecting a 
Wavelength-variable semiconductor laser according to the 
present invention is characteriZed as a device for inspecting 
a Wavelength-variable semiconductor laser having at least an 
active region, a phase control region, and a distributed Bragg 
re?ector (DBR) region, and is provided With a poWer source 
for supplying current to the active region, the phase control 
region, and the DBR region, a photo-detector for detecting 
an output intensity of laser beam emitted from the Wave 
length-variable semiconductor laser, and a second harmonic 
generation (SHG) element that can be inserted into a light 
path from the Wavelength-variable semiconductor laser to 
the photo-detector. 

[0025] In the second con?guration of a device for inspect 
ing a Wavelength-variable semiconductor laser according to 
the present invention, it is preferable that, With the SHG 
elernent inserted into the light path from the Wavelength 
variable semiconductor laser to the photo-detector, at least 
one of a phase current that is supplied to the phase control 
region and a DBR current that is supplied to the DBR region 
is changed With respect to a predetermined active current 
that is supplied to the active region, and the output intensity 
of the harmonic light that has been Wavelength converted by 
the SHG element is detected by the photo-detector. 

[0026] A ?fth method for inspecting a Wavelength-vari 
able semiconductor laser according to the present invention 
is characteriZed as a method for inspecting a Wavelength 
variable semiconductor laser using the inspection device of 
the second con?guration according to the present invention, 
Wherein in a state Where the SHG element is not inserted into 
the light path from the Wavelength-variable semiconductor 
laser to the photo-detector, an active current that is supplied 
to the active region is changed, the output intensity of laser 
beam emitted from the Wavelength-variable semiconductor 
laser is detected by the photo-detector, and the relationship 
betWeen the active current and the output intensity is deter 
mined. 

[0027] A siXth method for inspecting a Wavelength-vari 
able semiconductor laser according to the present invention 
is characteriZed as a method for inspecting a Wavelength 
variable semiconductor laser using the inspection device 
according to the second con?guration of the present inven 
tion, Wherein in a state Where a constant active current is 
supplied to the active region and the SHG element is inserted 
into the light path from the Wavelength-variable sernicon 
ductor laser to the photo-detector, the DBR current that is 
supplied to the DBR region is changed, the output intensity 
of the harmonic light that is Wavelength converted by the 
SHG element is detected by the photo-detector, and the DBR 
current corresponding to a desirable Wavelength of the 
Wavelength-variable semiconductor laser is determined. 

[0028] In the siXth method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
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tion, it is preferable that the desirable Wavelength of the 
Wavelength-variable semiconductor laser is a Wavelength 
Where the output intensity of the harmonic light that is 
Wavelength converted by the SHG element is largest. 

[0029] A seventh method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion is characteriZed as a method for inspecting a Wave 
length-variable semiconductor laser using the inspection 
device according to the second con?guration of the present 
invention, Wherein in a state Where a constant active current 
is supplied to the active region and the SHG element is 
inserted into the light path from the Wavelength-variable 
semiconductor laser to the photo-detector, the phase current 
that is supplied to the phase control region and the DBR 
current that is supplied to the DBR region are each changed 
independently, the output intensity of the harmonic light that 
is Wavelength converted by the SHG element is detected by 
the photo-detector, and the phase current and the DBR 
current corresponding to points of change in the output 
intensity are determined. 

[0030] In the seventh method for inspecting a Wavelength 
variable semiconductor laser according to the present inven 
tion, it is preferable that a current ratio of the phase current 
to the DBR current is calculated from the phase current and 
the DBR current corresponding to the points of change in the 
output intensity. Also, in this case, it is preferable that the 
current ratio of the DBR current to the phase current is 
calculated and the DBR current and the phase current are 
kept at the current ratio, so as to change an oscillation 
Wavelength of the Wavelength-variable semiconductor laser 
continuously. 
[0031] In the seventh rnethod fore inspecting a Wave 
length-variable semiconductor laser according to the present 
invention, it is preferable that a current ratio AIdbr/AIph of 
the DBR current to the phase current is calculated from a 
DBR current difference AIdbr corresponding to the points of 
change in the output intensity that are obtained When the 
DBR current is changed, and a phase current difference AIph 
corresponding to the points of change in the output intensity 
that are obtained When the phase current is changed. Also, in 
this case, it is preferable that the current ratio of the DBR 
current to the phase current is calculated and the DBR 
current and the phase current are kept at the current ratio, so 
as to change an oscillation Wavelength of the Wavelength 
variable semiconductor laser continuously. 

[0032] A ?rst method for inspecting a coherent light 
source according to the present invention is characteriZed as 
a method for inspecting a coherent light source provided 
With a Wavelength-variable semiconductor laser having at 
least an active region, a phase control region, and a distrib 
uted Bragg re?ector (DBR) region, and a second harmonic 
generation (SHG) elernent, Wherein the method includes 
supplying a constant active current to the active region, 
changing a DBR current that is supplied to the DBR region, 
detecting an output intensity of harmonic light that is 
Wavelength converted by the SHG element by a photo 
detector, and ?nding the DBR current corresponding to a 
desirable Wavelength of the Wavelength-variable sernicon 
ductor laser. 

[0033] In the ?rst method for inspecting a coherent light 
source according to the present invention, it is preferable 
that the desirable Wavelength of the Wavelength-variable 
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semiconductor laser is a Wavelength Where the output inten 
sity of the harmonic light that is Wavelength converted by 
the SHG element is largest. 

[0034] A second method for inspecting a coherent light 
source according to the present invention is characteriZed as 
a method for inspecting a coherent light source provided 
With a Wavelength-variable semiconductor laser having at 
least an active region, a phase control region, and a distrib 
uted Bragg re?ector (DBR) region, and a second harmonic 
generation (SHG) element, Wherein the method includes 
independently changing a phase current that is supplied to 
the phase control region and a DBR current that is supplied 
to the DBR region, detecting an output intensity of harmonic 
light that is Wavelength converted by the SHG element by a 
photo-detector, and ?nding the phase current and the DBR 
current corresponding to the points of change in the output 
intensity. 
[0035] In the second method for inspecting a coherent 
light source according to the present invention, it is prefer 
able that a current ratio of the DBR current to the phase 
current is calculated from the DBR current and the phase 
current corresponding to the points of change in the output 
intensity. Also, in this case, it is preferable that the current 
ratio of the DBR current to the phase current is calculated 
and the DBR current and the phase current are kept at the 
current ratio, so as to change an oscillation Wavelength of 
the Wavelength-variable semiconductor laser continuously. 

[0036] In the second method for inspecting a coherent 
light source according to the present invention, it is prefer 
able that a current ratio AIdbr/AIph of the DBR current to the 
phase current is calculated from a DBR current difference 
AIdbr corresponding to the points of change in the output 
intensity that are obtained When the DBR current is changed, 
and a phase current difference AIph corresponding to the 
points of change in the output intensity that are obtained 
When the phase current is changed. Also, in this case, it is 
preferable that the current ratio of the DBR current to the 
phase current is calculated and the DBR current and the 
phase current are kept at the current ratio, so as to change an 
oscillation Wavelength of the Wavelength-variable semicon 
ductor laser continuously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a diagram schematically shoWing the 
con?guration of a device for inspecting a Wavelength 
variable DBR semiconductor laser according to Embodi 
ment 1 of the present invention. 

[0038] FIG. 2 is a diagram shoWing the relationship 
betWeen the active current and the output intensity of the 
Wavelength-variable DBR semiconductor laser according to 
Embodiment 1 of the present invention. 

[0039] FIG. 3 is a diagram shoWing the relationship 
betWeen the DBR current and the output after it has passed 
through the transmission type Wavelength-selection element 
according to Embodiment 1 of the present invention. 

[0040] FIG. 4 is a diagram shoWing the relationship 
betWeen the phase current and the DBR current correspond 
ing to the points of change in the output according to 
Embodiment 1 of the present invention. 

[0041] FIG. 5 is a diagram shoWing the relationship 
betWeen the phase current and the DBR current correspond 
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ing to the points of change in the output according to 
Embodiment 2 of the present invention. 

[0042] FIG. 6A is a diagram shoWing the relationship 
betWeen the DBR current and the output after it has passed 
through the transmission type Wavelength-selection element 
When the DBR current is changed according to Embodiment 
3 of the present invention, and FIG. 6B is a diagram 
shoWing the relationship betWeen the DBR current and the 
output after it has passed through the transmission type 
Wavelength-selection element When the phase current is 
changed according to Embodiment 3 of the present inven 
tion. 

[0043] FIG. 7 is a diagram schematically shoWing the 
con?guration of an SHG blue light source in Which an 
optical Waveguide-type QPM-SHG device is used according 
to Embodiment 4 of the present invention. 

[0044] FIG. 8 is a diagram schematically shoWing the 
con?guration of a device for inspecting a Wavelength 
variable DBR semiconductor laser according to Embodi 
ment 4 of the present invention. 

[0045] FIG. 9 is a diagram shoWing the relationship 
betWeen the phase current and the DBR current correspond 
ing to the points of change in the output according to 
Embodiment 4 of the present invention. 

[0046] FIG. 10A is a diagram shoWing the relationship 
betWeen the DBR current and the output after it has passed 
through the transmission type Wavelength-selection element 
When the DBR current is changed according to Embodiment 
4 of the present invention, and FIG. 10B is a diagram 
shoWing the relationship betWeen the DBR current and the 
output after it has passed through the transmission type 
Wavelength-selection element When the phase current is 
changed according to Embodiment 4 of the present inven 
tion. 

[0047] FIG. 11 is a diagram schematically shoWing the 
con?guration of a device for inspecting a Wavelength 
variable DBR semiconductor laser according to Embodi 
ment 5 of the present invention. 

[0048] FIG. 12 is a diagram shoWing the relationship 
betWeen the DBR current and the output after it has passed 
through the transmission type Wavelength-selection element 
When the DBR current and the phase current are changed 
according to Embodiment 5 of the present invention. 

[0049] FIG. 13 is a diagram schematically shoWing the 
con?guration of a device for inspecting a Wavelength 
variable DBR semiconductor laser according to Embodi 
ment 6 of the present invention. 

[0050] FIG. 14 is a diagram schematically shoWing the 
con?guration of a Wavelength-variable DBR semiconductor 
laser according to the prior art. 

[0051] FIG. 15 is a diagram shoWing the Wavelength 
variability properties of a Wavelength-variable DBR semi 
conductor laser according to the prior art When the DBR 
current is changed. 

[0052] FIG. 16 is a diagram shoWing the relationship 
betWeen the phase current and the DBR current correspond 
ing to the mode hop points according to the prior art. 
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[0053] FIG. 17 is a diagram showing the continuous 
Wavelength variability properties of a Wavelength-variable 
DBR semiconductor laser according to the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] Hereinafter, the present invention Will be described 
in further detail using embodiments thereof. 

Embodiment 1 

[0055] FIG. 1 schematically shoWs the con?guration of a 
device for inspecting a DBR semiconductor laser having a 
Wavelength-varying function (hereinafter, referred to as 
“Wavelength-variable DBR semiconductor laser”) according 
to Embodiment 1 of the present invention. 

[0056] As shoWn in FIG. 1, a laser beam that is emitted 
from a Wavelength-variable DBR semiconductor laser 1 is 
collimated by a lens 2 and guided to a photo-detector 3 for 
detecting the output intensity of the laser beam. A photo 
detector having a band of up to about the MHZ range can be 
employed as the photo-detector 3. Adopting a photo-detector 
that has an even faster response speed for the photo-detector 
3 can increase light detection speeds, but it also reduces the 
light-receiving area. Signal light that is detected by the 
photo-detector 3 is converted into a digital signal by an A/D 
converter 4 and then stored in a memory of a control circuit 
5. A 12-bit microcomputer can be used as a control micro 
computer. The inspection device is provided With a trans 
mission type Wavelength-selection element 6 that can be 
inserted into the light path from the Wavelength-variable 
DBR semiconductor laser 1 to the photo-detector 3. 

[0057] In this embodiment, a dielectric multilayer ?lm 
formed on a quartZ glass substrate is employed as the 
transmission type Wavelength-selection element 6. Here, the 
dielectric multilayer ?lm has a layered structure of TiO2 and 
SiO2. By adopting a transparent type Wavelength-selection 
element 6 made of a dielectric multilayer ?lm, the trans 
mission peak Wavelength can be changed by changing the 
angle of the transmission type Wavelength-selection element 
6 With respect to the optical aXis of the laser beam. In this 
case, the transmission peak Wavelength is shifted to the short 
Wavelength side When the angle of the transmission type 
Wavelength-selection element 6 With respect to the optical 
aXis of the laser beam is increased. 

[0058] The angle of the transmission type Wavelength 
selection element 6 employed in this embodiment With 
respect to the optical aXis of the laser beam Was held 
constant and the transmission spectrum Was evaluated. In 
this embodiment, three types (samples A, B, and C) of 
transmission type Wavelength-selection elements 6 are 
employed, and their maXimum transmissivity (%) and full 
Width at half maXimum (nm) Where their transmissivity is 
half are respectively 50% and 0.15 nm for sample A, 70% 
and 0.3 nm for sample B, and 90% and 0.6 nm for sample 
C. 

[0059] The Wavelength-variable DBR semiconductor 
laser 1 has three regions. These are an active region, a phase 
control region, and a distributed Bragg re?ector (DBR) 
region. The active region is the region Where gain is gen 
erated. A diffraction grating is formed in the DBR region, 
and only light of a certain Wavelength determined by the 
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period of this diffraction grating is re?ected. For that reason, 
When current is supplied to the active region from the poWer 
source Within the control circuit 5 (hereinafter, referred to as 
the “active current”), laser oscillation occurs betWeen the 
end face on the active region side and the DBR region. Also, 
When current is supplied to the DBR region and the phase 
control region from the poWer source Within the control 
circuit 5 (hereinafter, respectively referred to as the “DBR 
current” and the “phase current”), the temperature rises due 
to internal resistance and the refractive indeX is changed. 
Thus, in the DBR region, the Wavelength of the light that is 
re?ected is changed, and in the phase control region, the 
phase state of the resonator that is constituted by the 
emission end surface on the active region side and the DBR 
region is changed. 

[0060] As mentioned in the prior art section, When the 
active current is held constant and the DBR current is 
changed, stepWise Wavelength variability properties are 
obtained. In addition, by further changing the phase current 
and once again changing the DBR current, Wavelength 
variability properties are obtained, and When the current 
values (the points A in FIG. 15 of the prior art) serving as 
steps (that is, the points of change in the output intensity) are 
plotted, the map shoWn in FIG. 16 of the prior art is 
obtained. From this map, a current ratio Idbr/Iph=0.5 of the 
DBR current (Idbr) to the phase current (Iph) is calculated, 
and by maintaining this relationship While controlling the 
DBR current (Idbr) and the phase current (Iph), it is possible 
to obtain continuous Wavelength variability properties such 
as those illustrated in FIG. 17 of the prior art. 

[0061] An inspection method employing the device for 
inspecting Wavelength-variable DBR semiconductor lasers 
shoWn in FIG. 1 Will be described. 

[0062] 1) Active Current—Laser Output Properties 

[0063] First, in a state Where the transmission type Wave 
length-selection element 6 is not inserted into the light path 
from the Wavelength-variable DBR semiconductor laser 1 to 
the photo-detector 3, the active current is changed and the 
output intensity of the laser beam emitted from the Wave 
length-variable DBR semiconductor laser 1 is detected by 
the photo-detector 3. In a state When there is no transmission 
type Wavelength-selection element 6, the active current can 
be supplied to the active region to obtain active current— 
laser output properties like those shoWn in FIG. 2. 

[0064] 2) Detecting the Wavelength of the Wavelength 
Variable DBR Semiconductor Laser 

[0065] The output properties of the Wavelength-variable 
DBR semiconductor laser 1 are detected by the photo 
detector 3 in a state Where the transmission type Wavelength 
selection element 6 is inserted into the light path from the 
Wavelength-variable DBR semiconductor laser 1 to the 
photo-detector 3, the active current is set to 150 mA (laser 
output 100 mW) and the phase current is set to 0 mA, and 
the DBR current is changed. It should be noted that by 
adjusting the angle of the transmission Wavelength-selection 
element 6 (sample C: maXimum transmissivity: 90%, full 
Width at half maXimum: 0.6 nm) With respect to the optical 
aXis of the laser beam that is emitted from the Wavelength 
variable DBR semiconductor laser 1, the transmission peak 
Wavelength is set to 820 nm. In this embodiment, the 
desirable Wavelength is set to 82010.5 nm. When the oscil 
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lation Wavelength of the Wavelength-variable DBR semi 
conductor laser 1 becomes 820 nm and the DBR current is 
changed from 0 mA to 50 mA, then the signal light that is 
detected after it has passed through the transmission type 
Wavelength-selection element 6 (the output intensity of the 
laser beam) is largest. The oscillation Wavelength of the 
Wavelength-variable DBR semiconductor laser 1 employed 
in this embodiment changes from 819.5 nm When the DBR 
current is 0 mA to 820.5 nm When the DBR current is 50 
mA. The signal light that is detected at this time by the 
photo-detector 3 (the output intensity of the laser beam prior 
to A/D conversion) is shoWn in FIG. 3. In FIG. 3, the 
vertical axis indicates the relative intensity. As shoWn in 
FIG. 3, the maximum output intensity is detected When the 
DBR current is 25 mA. Thus, it is clear that in this 
embodiment, the DBR current corresponding to the desir 
able Wavelength of the Wavelength-variable DBR semicon 
ductor laser 1 is 25 mA. 

[0066] 3) Detecting the Current Ratio Idbr/Iph 

[0067] The points of change (the current values B1 to B5 
serving as steps) in the output intensity of the laser beam 
after the laser beam has passed through the transmission 
type Wavelength-selection element 6 When the DBR current 
is changed, and Which are shoWn in FIG. 3, are the mode 
hop points of the oscillation Wavelength. That is, these 
points of change in the output intensity correspond to the 
mode hop points (for example, points A) shoWn in FIG. 15 
of the prior art. Next, the output intensity of the laser beam 
is detected by the photo-detector 3 after it has passed 
through the transmission type Wavelength-selection element 
6 When the phase current is set to 20 mA and the DBR 
current is similarly changed. By increasing the phase cur 
rent, the refractive index in the optical Waveguide, that is, 
the phase state is changed, so that the points of change (B1 
to B5) of output intensity are shifted. Further, the output 
intensity of the laser beam Was detected by the photo 
detector 3 after it passes through the transmission type 
Wavelength-selection element 6 When the phase current is 
set to 40 mA and the DBR current is similarly changed, to 
?nd the points of change in the output intensity (B1 to B5). 
FIG. 4 shoWs the DBR current and the phase current 
corresponding to the points of the change in the output 
intensity (B1 to B5). 

[0068] The map of FIG. 4 corresponds to that of FIG. 16, 
Which is described in the prior art section. By calculating the 
current ratio Idbr/Iph of the DBR current (Idbr) to the phase 
current (Iph) from this map and supplying the DBR current 
(Idbr) and the phase current (Iph) to the DBR region and the 
phase control region, respectively, at this current ratio, the 
emission Wavelength of the Wavelength-variable DBR semi 
conductor laser 1 can be changed continuously. That is, it is 
possible to achieve continuous Wavelength variability. In the 
present embodiment, Idbr/Iph=0.5 Was calculated from FIG. 
4, and continuous Wavelength variability Was achieved by 
keeping the DBR current (Idbr) and the phase current (Iph) 
at this current ratio. 

[0069] Data processing in Which the control circuit 
(microcomputer) 5 is employed Will be described beloW. In 
this embodiment, a 12-bit microcomputer is adopted for the 
control microcomputer, and thus the current that is supplied 
to each region can be divided into 4096 stages, from 0X000 
to OXFFF. Here, 0X is a hexadecimal number. Also, in this 
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embodiment, the maximum value of the phase current and 
the DBR current is set to approximately 128 mA. That is, 
0X020 is equivalent to 1 mA. Further, in this embodiment, 
the maximum value of the active current is set to approxi 
mately 256 mA. That is, 0X010 is equivalent to 1 mA. 

[0070] First Method (Calculation from Map) 
[0071] Here, the active current has been set to 0X640 
(equivalent to 100 mA, 50 First, the phase current is 
set to 0X000 (0 mA), and With the phase current held 
constant, the DBR current is changed in increments of 
0X010 (0.5 mA) from 0X010 (0.5 mA) to 0X700 (56 mA). 
Then, the signal light detected by the photo-detector 3 is 
converted into a digital signal by the A/D converter 4, and 
data Pd(l) to Pd(112) are stored in a memory of the control 
circuit 5. Next, the phase current is set to 0X280 (20 mA) 
and then 0X500 (40 mA), and the DBR current is similarly 
changed for each phase current and the respective data Pd(l) 
to Pd(112) are stored in the memory of the control circuit 5. 

[0072] Using the data stored in the memory, the folloWing 
operation is performed. 

[0073] 1) The DBR current Idbrmax (N) corresponding to 
Pd(N), the largest value of Pd(l) to Pd(112), is determined. 
As a result, it Was found that the DBR current corresponding 
to the desirable Wavelength of the Wavelength-variable DBR 
semiconductor laser 1 is 0X320 (25 mA). 

[0074] 2) The DBR current Idbr 6(N), Where Pd(N+1)— 
Pd(N)>6P, that is, the points of change of output intensity of 
the laser beam, are determined. Here, 6P is dependent on the 
Wavelength selection properties of the transmission type 
Wavelength-selection element 6 that is used. In this embodi 
ment, BP is set to 0.05 Pd(N), Which is equivalent to 5% of 
the maximum output Pd(N). 

[0075] By plotting these data, a map equivalent to that of 
FIG. 4 is obtained. From this map, the average value of the 
current ratio Idbr/Iph of the DBR current (Idbr) to the phase 
current (Iph) is determined, and by supplying the DBR 
current (Idbr) and the phase current (Iph) to the DBR region 
and the phase control region, respectively, at this current 
ratio, continuous Wavelength variability can be attained. In 
this embodiment, Idbr/Iph=0.5. 

[0076] In this embodiment, the Wavelength variability 
properties and the single mode properties, for example, of 
the Wavelength-variable DBR semiconductor laser 1 can be 
investigated. As can be understood from FIG. 3, When the 
DBR current is beloW 0X320 (25 mA), Where the signal 
light (output intensity of the laser beam) that is detected by 
the photo-detector 3 is the largest, then the signal that is 
obtained increases monotonically, and When the DBR cur 
rent is greater than 0X320 (25 mA), the signal that is 
obtained decreases monotonically. Also, the DBR current 
difference corresponding to the points of change in the 
output intensity of the laser beam, Where Pd(N+1)— 
Pd(N)>6P, is substantially constant Properties like those 
shoWn in FIG. 3 are not obtained if the measured Wave 
length variability properties of the Wavelength-variable 
DBR semiconductor laser 1: i) do not monotonically 
increase; ii) the longitudinal mode becomes multimode; and 
iii) the mode hop points (points of change in the output 
intensity) during tuning are unstable. 

[0077] In this embodiment, by 1) evaluating the mono 
tonic increase properties and the monotonic decrease prop 
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erties before and after 0X320 (25 mA), or by 2) evaluating 
a spacing value between the points of change in output 
intensity that has signi?cantly departed (for example, by 
30% or more) from the average spacing value, it Was 
possible to investigate the Wavelength variability properties 
and the single mode properties, for example, of the Wave 
length-variable DBR semiconductor laser 1. 

[0078] The inspection device and the inspection method of 
this embodiment are characterized in that the device is 
inexpensive and the inspection speed is fast. With a light 
spectrum analyZer such as that used in the prior art, the 
device Was costly and both the scan speed and the uptake of 
data Were sloW, ordinarily requiring several seconds from 
the trigger to the output of data. On the other hand, With the 
con?guration of this embodiment, the inspection time is 
dependent on the supply speed When current is supplied to 
the Wavelength-variable DBR semiconductor laser 1 and the 
response speed of the photo-detector 3, and inspection on the 
order of ysec (microsecond) to msec (millisecond) or less is 
possible. Indeed, inspection on the order of nsec (nanosec 
ond) to ysec (microsecond) or less is possible by employing 
a photo-detector 3 With a high response speed. 

[0079] Moreover, the transmission type Wavelength-selec 
tion element is characteriZed in that its Wavelength selection 
properties can be designed freely by giving the element a 
multilayer ?lm structure. In addition, by giving the element 
a full Width at half maximum of about 0.6 nm like in this 
embodiment, Wavelength variability properties in a Wave 
length variability region of about 1 nm can be evaluated. 
Consequently, this embodiment alloWs for the simultaneous 
measurement of the Wavelength variability properties, the 
DBR current corresponding to the desirable Wavelength, and 
the current ratio Idbr/Iph=0.5 required for continuous Wave 
length variability. Moreover, With this embodiment, by 
designing an about 1 nm full Width at half maximum of the 
Wavelength selection properties, the Wavelength variability 
properties in a Wavelength variability region of about 2 nm 
can be evaluated. HoWever, When the Wavelength variability 
Width is increased, the difference in the signal at the points 
of change in the output intensity detected by the photo 
detector is decreased, so that the Wavelength variability 
Width must be set to a Wavelength selection Width that 
matches the detection and analysis capabilities. 

Embodiment 2 

[0080] Second Method (Calculation from Slope Across a 
Micro Region) 

[0081] In a Wavelength-variable DBR semiconductor 
laser, if the phase current is changed Within a range of about 
+10 mA, Which is that of the mode hop points, then mode 
hop (change in output intensity) does not occur Within that 
range. Consequently, if the dependency of Idbr(max) on the 
phase current in this region is measured, then the current 
ratio Idbr/Iph can be found more easily. In this embodiment, 
the sample A (maximum transmissivity: 50%, full Width at 
half maximum: 0.15 nm) is employed as the transmission 
type Wavelength-selection element 6 of the con?guration 
shoWn in FIG. 1. 

[0082] Here, the active current is set to 0X640 (equivalent 
to 100 mA, 50 First, the phase current is set to 
0X000(0 mA), and With the phase current constant, the DBR 
current is changed in increments of 0X010 (0.5 mA) from 
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0X010 (0.5 mA) to 0X700 (56 mA). Then, the signal light 
that is detected by the photo-detector 3 is converted into a 
digital signal by the A/D converter 4, and data Pd1(1) to 
Pd1(112) are stored in a memory of the control circuit 5. 
Next, the phase current is raised in increments of 0X010 (0.5 
mA) from 0X000 (0 mA) to 0X500 (40 mA), and for each 
phase current, the DBR current is changed in increments of 
0X010 (0.5 mA) from 0X010 (0.5 mA) to 0X700 (56 mA). 
Then, the signal light that is detected by the photo-detector 
3 is converted into a digital signal by the A/D converter 4, 
and data Pdn(1) to Pdn(112) are stored in a memory of the 
control circuit 5. At this time, the phase current and the DBR 
current (Iph0, Idbr0) each corresponding to Pd(N), the 
largest value of Pd1(1) to Pdn(112) stored in the memory, are 
determined. In this embodiment, Iph0=20 mA and Idbr0=25 
mA Were obtained. Here, the phase current When the signal 
light is largest is determined in order to increase the amount 
of change betWeen the points of change in the output 
intensity from Pdn(1) to Pdn(112), Which are obtained When 
the DBR current is changed. 

[0083] A method for inspecting Will be described. 

[0084] First, the phase current is set to 0X280 (20 mA), 
and With the phase current held constant, the DBR current is 
changed in increments of 0X010 (0.5 mA) from 0X010 (0.5 
mA) to 0X700 (56 mA). Then, the signal light detected by 
the photo-detector 3 is converted into a digital signal by the 
A/D converter 4, and data Pd1(1) to Pd1(112) are stored in 
the memory of the control circuit 5. Next, the phase current 
is set to 0X1E0 (15 mA), Which is a reduction of 5 mA, and 
held constant, and the DBR current is similarly changed in 
increments of 0X010 (0.5 mA) from 0X010 (0.5 mA) to 
0X700 (5 6 mA). Then, the signal light that is detected by the 
photo-detector 3 is converted into a digital signal by the A/D 
converter 4, and data Pd2(1) to Pd2(112) are stored in a 
memory of the control circuit 5. Then, the phase current is 
set to 0X320 (25 mA), Which is an increase of 5 mA, and 
With the phase current constant, the DBR current is similarly 
changed in increments of 0X010 (0.5 mA) from 0X010 (0.5 
mA) to 0X700 (56 mA). Then, the signal light that is 
detected by the photo-detector 3 is converted into a digital 
signal by the A/D converter 4, and data Pd3(1) to Pd3(112) 
are stored in a memory of the control circuit 5. 

[0085] Using the data stored in the memory, the DBR 
current Where Pd1(N+1)—Pd1(N), Pd2(N+1)—Pd2(N), and 
Pd3(N+1)—Pd3(N) are largest, that is, the DBR current 
corresponding to the points of change of the output intensity 
of the laser beam, are determined for each phase current 
(hoWever, negative values are disregarded in this embodi 
ment). FIG. 5 shoWs the results. In FIG. 5, the horiZontal 
axis is the phase current With respect to the points of change 
in output intensity, and the vertical axis is the DBR current. 
The slope of the line joining the three points is the current 
ratio Idbr/Iph, and here Idbr/Iph=0.5. 

[0086] In the con?guration of this embodiment, like in 
Embodiment 1, the inspection time is dependent on the 
supply speed When current is supplied to the Wavelength 
variable DBR semiconductor laser 1 and on the response 
speed of the photo-detector 3, and inspection on the order of 
msec (millisecond) or less is possible. 

[0087] Also, the Wavelength selection Width in this 
embodiment is extremely small With its full Width at half 
maximum being 0.15 nm. Additionally, the ideal points of 
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the phase current are detected. By narrowing the Wavelength 
selection Width, the difference in the signals detected by the 
photo-detector at the points of change in output intensity is 
increased, and the detection accuracy of the signal difference 
Pd(N+1)—Pd(N) is improved. Accordingly, like in this 
embodiment, the DBR current (Idbr) Where the signal dif 
ference Pd(N+1)—Pd(N) is largest can be detected and the 
current ratio Idbr/Iph can be calculated easily, and thus a 
further reduction in inspection times can be achieved. 

Embodiment 3 

[0088] In this embodiment, a method of calculating the 
current ratio Idbr/Iph using the spacing betWeen the points 
of change in the output intensity of the laser beam Will be 
described. In this method, the sample B, Which has a 
transmission spectrum With a full Width at half maXimum of 
0.3 nm, is employed as the transmission type Wavelength 
selection element 6. 

[0089] Here, the active current is set to 0X640 (equivalent 
to 100 mA, 50 First, the phase current is set to 
0X000(0 mA), and With the phase current constant, the DBR 
current is changed in increments of 0X010 (0.5 mA) from 
0X010 (0.5 mA) to 0X700 (56 mA). Then, signal light that 
is detected by the photo-detector 3 is converted into a digital 
signal by the A/D converter 4, and data Pd(1) to Pd(112) are 
stored in a memory of the control circuit 5. Next, the DBR 
current is held at the Idbr (25 mA) corresponding to Pd(N), 
Which is the largest value of Pd(1) to Pd(112), and the phase 
current is changed in increments of 0X010 (0.5 mA) from 
0X000 (0 mA) to 0X700 (56 mA). Then, the signal light that 
is detected by the photo-detector 3 is converted into a digital 
signal by the A/D converter 4, and data Pi(1) to Pi(112) are 
stored in a memory of the control circuit 5. 

[0090] The data that are obtained are shoWn in FIGS. 6A 
and 6B. In FIGS. 6A and 6B, the vertical aXes indicates the 
relative intensity. From FIG. 6A, the DBR current Idbr (maX 
6) Where Pd(N+1)—Pd(N)>6 P, that is, the points of change 
in the output intensity of the laser beam, is determined, and 
the average difference 6Idbr(maX 6) betWeen points is cal 
culated. Also, from FIG. 6B, the phase current Iph (maX 6) 
Where Pi(N+1)—Pi(N)>6P is determined, and the average 
difference 6Iph(maX 6) betWeen points is calculated. Then, 
from these values, the current ratio Idbr/Iph=6Idbr(maX 
6)/6Iph(maX 6) that is required for continuous Wavelength 
variability is calculated. Here, 6P is dependent on the 
Wavelength selection properties of the transmission type 
Wavelength-selection element 6 that is used. In this embodi 
ment, 6is set to 0.1 Pd(N), Which is equivalent to 10% of the 
maXimum output Pd(N). A current ratio Idbr/Iph=0.5 Was 
found from the outcome of FIGS. 6A and 6B. 

[0091] With the con?guration of this embodiment, like 
Embodiments 1 and 2, the inspection time is dependent on 
the supply speed When current is supplied to the Wavelength 
variable DBR semiconductor laser 1 and on the response 
speed of the photo-detector 3, and inspection on the order of 
msec (millisecond) or less is possible. This embodiment is 
characteriZed in that the current ratio Idbr/Iph can be cal 
culated by scanning the phase current a single time after the 
DBR current has been scanned once. Thus, inspection of the 
Wavelength variability properties can be performed at even 
higher speeds, and the practical effects of this are signi?cant. 
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Embodiment 4 

[0092] In this embodiment, a semiconductor laser chip and 
a Wavelength conversion element are mounted onto a sub 
mount to fabricate a SHG blue light source, and a method for 
inspecting the Wavelength variability properties by detecting 
the blue light Will be described. 

[0093] FIG. 7 shoWs a schematic con?guration of the 
SHG blue light source used in this embodiment. 

[0094] As shoWn in FIG. 7, in the SHG blue light source 
of this embodiment, a 0.85 pm band, 100 mW AlGaAs 
based Wavelength-variable DBR semiconductor laser 7 hav 
ing an active region 8, a phase control region 9, and a DBR 
region 10 is employed as the semiconductor laser that serves 
as the fundamental Wave. With this semiconductor laser, 
changing the DBR current that is supplied to the DBR region 
10 can change the oscillation Wavelength. 

[0095] A quasi-phase-matched (hereinafter, referred to as 
“QPM) optical Waveguide-type second harmonic generation 
(hereinafter, referred to as “SHG”) device (optical 
Waveguide-type QPM-SHG device) 11 is adopted for the 
Wavelength conversion element. The optical Waveguide 
type QPM-SHG device 11 is made of an optical Waveguide 
12 and periodic polarity inversion regions 13 for augmenting 
the propagation constant difference betWeen the fundamen 
tal Wave and the harmonic Wave, Which are perpendicular to 
the optical Waveguide 12, both formed on the upper surface 
of an optical crystal substrate (X-cut 5 mol % MgO doped 
LiNbO3 substrate) of lithium niobate. The optical Waveguide 
12 is formed by proton-exchange in pyrophosphoric acid. 
Providing comb-shaped electrodes forms the periodic polar 
ity inversion regions 13 and parallel electrodes in the +X 
surface of the X-cut 5 mol % MgO doped LiNbO3 substrate 
and applying an electric ?eld of about 5 kV betWeen the 
comb-shaped electrodes and the parallel electrodes. A pro 
tection ?lm made of SiO2 is formed on the surface, in Which 
the optical Waveguide is formed, of the X-cut 5 mol % MgO 
doped LiNbO3 substrate. With the SHG blue light source of 
this embodiment, Wavelength conversion is achieved by 
matching the Wavelength of the fundamental Wave to the 
phase-matching Wavelength of the optical Waveguide-type 
QPM-SHG device 11. At this time, the permissible Width of 
the Wavelength Where the conversion ef?ciency is half With 
respect to the Wavelength Where maXimum conversion ef? 
ciency is obtained is about 0.1 nm. 

[0096] The Wavelength-variable DBR semiconductor 
laser 7 and the optical Waveguide-type QPM-SHG device 11 
are ?Xed to a sub-mount 14 so that their surfaces on Which 
the active layer and the optical Waveguide 12 are formed are 
in contact With the sub-mount 14. The laser beam that is 
emitted from the emission end surface of the Wavelength 
variable DBR semiconductor laser 7 is directly coupled into 
the optical Waveguide 12 of the optical Waveguide-type 
QPM-SHG device 11. 

[0097] Optical coupling is adjusted While the Wavelength 
variable DBR semiconductor laser 7 is emitted, so that 60 
mW of laser beam per 100 mW of laser output is coupled 
into the optical Waveguide 12. The DBR current and the 
phase current of the Wavelength-variable DBR semiconduc 
tor laser 7 are controlled, so that the oscillation Wavelength 
of the laser is held constant Within the phase-matching 
Wavelength permissible limit of the optical Waveguide-type 














